We report high-precision neutron scattering measurements of the 
I. INTRODUCTION
Liquid He is the most readily accessible Bose quantum liquid in nature. It exhibits both a superfluid (Bose broken symmetry) and a normal state. Neutron inelastic scattering studies have provided detailed information' on the dynamical response of this fundamental Bose liquid. Nevertheless, the character and interpretation of the excitations observed in both the superfluid and normal phases, and especially the relation between the excitations in the two phases, is not clear. ' In this paper we present high-precision measurements of the scattered intensity at wave vectors Q =0.4 A ' and Q =1. 935 A over a wide temperature range in both the superfluid and normal phases. Q =0.4 A ' and Q =1.935 A ' lie in the "phonon" and "roton" regions, respectively, of the single excitation dispersion curve of the superfluid phase.
The aim is to display the difference in the dynamical structure factor S (Q, co) in the two phases, in an attempt to further understand the nature of the excitations.
In the superfluid phase (temperature T (T&=2.17 K at saturated vapor pressure (SVP), S(Q, co) contains a single sharp peak superimposed on a broad background. ' The sharp peak may be interpreted as the collective phonon-roton excitation in the fluid density proposed by Landau and evaluated by Feynman and others. Within the Green's function ' ' or dielectric formulation" ' of Bose fluids, the sharp peak may also be interpreted as excitation by the neutron of a single quasisparticle, a single, dressed particle'
having momentum p =fiQ. The broad background may be interpreted as multiphonon or multiquasiparticle excitation.
Indeed, the dielectric theory shows that S (Q, co) in the superfluid phase can be represented as the sum of a "singular" and a "regular" part. The singular part is defined as that part which is proportional to the singleparticle Green's function Gi(Q, to) . In this way, the single-particle excitations can be observed in S(Q, co). The appearance of G, (Q, co) in S(Q, co) is due to a finite condensate fraction no. As Q~O, the poles of S (Q, co) and G, (Q, ai) coincide. In the normal phase only the regular part survives in S(Q, co) and single quasiparticle excitations cannot be observed via S(Q, co). A central motivation here is therefore to explore possible differences in S(Q, co) in the superfluid and normal phases. This is particularly interesting at lower Q where the dielectric theory should be most applicable ' and where recent, precise data are not available. As temperature is increased in the superfluid phase, the sharp peak broadens. ' This broadening may be well described' by quasiparticle-quasiparticle scattering, as proposed initially by Landau and Khalatnikov, ' at least at low temperature. Precise data 2' at larger wave vectors (Q & 1 A ') suggest that the sharp peak disappears en-of co in liquid He under 20 bars pressure. Two wave vectors were studied, Q =1.13 and 2.03 A ', which correspond to the maxon and roton regions of the phononroton dispersion curve, respectively.
As at SVP, the sharp peak in S( Q, aI ) either vanished or changed abruptly as T was increased through Tz. However, Talbot (1) and (2) were convoluted with a Gaussian (instrumental resolution) function of unit area and FWHM defined by the lowest temperature data, as described above, and were fitted to the helium data.
For the phonon data, the multiphonon component SM(Q, co) was modeled by a normalized Gaussian function Gsr(Q, ro) with peak height scaled by the appropriate temperature factor of Eq. (1), SM(Q, co) =[ns(co) +1]Gsr(Q, co). Since the width of G~(Q, co) was large, instrument resolution effects were not removed.
In practice, the final fitted one-phonon parameters were only weakly dependent on the particular form used to describe the multiphoton continuum. For the roton data the weak multiphoton scattering was considered as a small temperature-independent "background"; this simplification has little effect on the one-phonon parameters extracted by the fitting procedure. 
In the normal phase where p&=p, S(Q, co) reduces to Sz(Q, ro Fig. 8 . The only significant difference is in the peak intensity, while there is a slight shift to higher frequency just above T& as seen also in Fig. 7 .
Above the A, point the spectra at 2.24, 2.32, 2.56, and 2.96, are similar, except for a slight increase in width with temperature and some increase in scatter of the data in the peak region with temperature.
The similarity is displayed in Fig. 9 where a low temperature spectrum is included for comparison. As noted, the T =3.94 K spectrum is significantly displaced toward lower frequency.
In 
where we have used S(Q, co)=S, (Q, co)+Ssc(Q, co) and As observed in previous studies, the roton linewidth increases and the roton peak intensity drops rapidly with increasing T for T (T&. The increase in the linewidth is particularly rapid in the temperature range just below Tx. The rapid change in character of the scattered intensity just below T& is displayed in Fig. 13 To obtain the energies co(Q) and inverse lifetimes I (Q) we fitted the response function A, (Q, co) in (2) to the intrinsic one-phonon part of the data. This A, (Q, co) is the exact response function' for a boson (a Bose quasiparticle or phonon) in which the self energy X(Q, co) =b, (Q, co) -iI (Q, co) is approximated by its "on-shell" value X( Q, co } =X [Q, co( Q) ]. In this approximation, X becomes independent of frequency and the full' A, (Q, co) reduces to (2) By combining the two Lorentzians in (2), A, (Q, co) takes the form
Equation (5) is approximately one-half the peak frequency), but the peak is certainly gone by Q =1.0 A '. Historically' and on the basis of these comparisons, the peak in S( Q, co) in normal 4He at Q =0.4 A ' may be interpreted as a collective zero sound mode in the fluid density.
In Fig. 18 we compare the scattering intensity at Q =1.13 A ' (maxon) S ( Q, co ) = f dt e ' '( p( Q, T)p ( Q, 0) ) .
=1
The corresponding dynamic susceptibility is y(g, t)= i ( pT(g, -t)p (Q, O)) .
Here p (Q)= gk ak+&ak is the density creation opera-+ tor which may be expressed as a coherent sum of particle (ak+Q) and hole (ak) pair excitations. wavevectors. This interpretation will be elaborated further in a forthcoming paper (Glyde and Griffin) .
